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EXECUTIVE SUMMARY,{;

Current state and federal pohcy 1n1t1at1ves provrde an unprecedented opportumty '

i . and San I oaqurn Rrvers therr delta and the San Francrsco Bay A fundamental

L deﬁmng and momtonng the current health of the system detenmmng 1n1t1al restoratron

s : 'and management needs and evaluatrng the success of the program once it is: underway

Provrdlng thrs scxentlf‘ ic foundatron for restoratlon can be accomphshed by

L mdevelopmg a sulte of ecologlcal mdlcators w1th1n a sound conceptual framework
s rAn ecologrcal 1ndrcator is-an, attrrbute of the system that can be measured to provrde

- -.::'1nformatron about the health or 1ntegr1ty of that system - m much the same way that the K

. ’ to assure that both the surte of 1nd1cators and the restoratron plan are comprehenswe - ol

o to desrcn a restoratron program and 1mpIement “Whole-ecosystem manaoement for. the o R

o ::'..San Franc1sco Bay/Delta/Rrver system, deﬁned here as the watersheds of the Sacramento ; S

P I': prerequlsrte for the success of thrs effort 1s to develop a sohd screntrﬁc foundatron for o .". .

N temperature of a patrent provrdes a; doctor w1th dragnostrc 1nformatron about the patrent s

. o overall health Usmg a logrcal conceptual framework to develop the 1nd1cators is useﬁ,ll A

»r‘-.that they address the mtegnty of the system as an ecologrcal whole, as Well as each of the R

T '.?'component parts T

Thrs report descnbes the development of such a framework as well as the

:".~.. ! development of a prov181onal l1st of ecologrcal 1ndlcators for the San Francrsco Bay-

L '.,IDelta-Rrver system The framework and 1nd1cators were developed by regronal and

-_.Development at the Umver51ty of Cahforma -at Berkeley, the Env1ronmental Defense

SO Fund (EDF) and The Bay Instrtute of San Francrsco (TBI)
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The workshop partrcrpants proceeded accordmg to Keddy et al s (1993) four step

B OPeratronal way by deﬁmncr the coals and Ob_]eCU.VCS Of the program (2) select -
= ¥ appropnate 1nd1cators that relate to these Ob_]eCthBS (3) rdentrfy target IeVClS Of SeleCted

o mdrcators and (4) develop a momtonng system to PIOVlde feedback In general the ﬁrst

".'""lworkshop focused on step l whrle the second workshop focused on step 2 Steps 3 and 4

-, ' ~.are subjects for future work

Durmg the ﬁrst workshop, part1c1pants generally supported the ecosystem qualrty

goal already deﬁned by the “CalFed” program an. mteragency group charced wrth

o ",:desrgnrng and 1mplement1ncr ecosystem restoratron for the Bay—Delta system Thelr

ecolog1cal functrons 1n the Bay—Delta to support sustamable populatrons of drverse and

s 'valuable plant and ammal specres i In addrtron partrcrpants of both workshops seemed

: : Comblmng these concepts we re : r‘-'here to _e'.; goal of Bay—Delta—Rlver restoratlon and

management as the (re-)estabhshment of a healthy system that supports a dlvers1ty of

’ : _.‘.habrtat types along wrth therr resrdent commumtles of plants and ammals supports

: system wrll contmue to accomodate human Use of natural resources

In order to proceed wrth on-the ground restoratron and management efforts 1t 1s

[ "useful to exPand thrs aeneral goal 1nto a serres of more specrﬁc objectrves Bulldlnor on

B _-'-lprocess for developmor ecolog1cal 1nd1cators (1) deﬁne ecolog1cal mteonty or health i an B : . : ";3_.

:,'prevrous efforts part1c1pants in the second workshop developed lrsts of object.wes that o

P :‘_'{'.have been consohdated by the EDF/TBI staff mto the followrng

A/ o] -..Ensure cond1t10ns necessary to support and protect natlve b10d1versrty, S ", -

o B . -'-'Protect and/or restore condrtrons necessary to 1ncrease populatrons of
DRI valuable plaint and anrmal specres (in a. manner con31stent with protectmg
" natrve b10d1vers1ty) e e : SR :
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C ;Ensure suff1c1ent extent d1vers1ty quahty connect1v1ty and ranoe of
T _successronal states of natural habrtats : :

"D. . 'Protect and/or restore the natural troph1c structure of commun1t1es

E o More closely approxrmate the natural pattems of transport of essent1a1
ool matenals (water, sed1ments nutr1ents) ‘ : :

L More closely approxrmate the natural hydrologrcal regrme R ‘
L "Gi - ‘,--'Protect and/or restore water quahty . EEAS
e _'.f' H. .Provrde for socretal uses (harvest recreatron aesthetrcs)

- These obJectrves reflect components and processes of the system that appear

:necessary to achleve the overall coal for the Bay-Delta—Rlver system and to successﬁllly

'l-‘ : implement the whole-system management enV151oned by current Ia.w and pohcy

In order to take the next step -= translatmg these obJectrves 1nto a smte of

o "' 1nd10ators - an ecologrcally sound conceptual framework is requ1red to assure that the B :
| 1nd1cators mclude each of these key components and processes m a way that addresses the
o ) ecologrcal 1ntegr1ty of the entrre system (Bay—Delta—Rrver) as Well as the 1ntegr1ty of each
f.: . of its sma.ller sub—umts (such as Delta wetlands or parncular anadromous ﬁsh specres) E
U An addltlonal benefit of an exphc1t sc1ent1ﬁcally defens1ble framework is to explam the a

- - l' unportance and purpose of each 1nd1cator to pohcymakers and the publlc o

The prennse of the frarmwork used in the workshops to develop ecologrcal

a o " v-mdlcators for the Bay-Delta—Rrver system 1s as follows the smte of mdlcatOI'S is.
' | ’de51gned to prov1de measurable evaluatlons of key structural and functlonal L
' i ’attrrbutes of the system at a range of hlerarchlcal scales. the entlre landscape, the
| e ) _ecologlcal zones present w1th1n that landscape, and the major habltat types of each
= P ':zone. Wrthm each habltat type, 1nd1cators are classlﬁed as measures at the . |
commumty/ecosystem or populatlon/specles levels of ecologlcal orgamzatlon. T h1s o
'approach helps to ensure that all of the 1mportant attnbutes of the system are bemg |

B addressed and 1s cOns1stent wrth current recommendanons of the sc1ent1ﬂc hterature

X
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F1lhng in the detaﬂs of thlS framework reqmres several tasks ﬁrst developmg a .

;_.zone and habltat clas&ﬁcaﬂon scheme (a zypology) to deﬁne the scales of 1nterest

. _second developmc a set of 1nd1cators that for each component of the typology (1 e.,

' . 'landscape ecolooucal zones and habltat types) relate the restoratmn ObjeCtIVCS fo.

'structural and funct1onal propertles and last screenmg the 1ndlcators w1th several cntcna -l

3 vto select the most useful su1te

,‘ ':Landscape e
: ""f-j;/Seascape e

. ,.ij_{Ecolo- T

" gical -

L iZones

:‘:Hab1tat
~Types

,,I :

Upland

Trlbutanes 'jf

118 Mamstem

Rlvers

Delta. |

Tnman?

Near shore.f'. 1

Ocean A B

' Fxgure ES-1 Schematlc of the typology framework used for mdlcator development and I TR
jorgamzatlon, mdlcatmg the five ecologlcal zones upon whlch workshop partlclpants

I came to consensus
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The purpose of the typology, or class1ﬁcat10n scheme 1s to consrder the

orvamzatron of the Bay—Delta-R1ver system m a Way that facrhtates analysrs and

" i,_ manacement and also reflects the ecologtcal orgamzatton of the system Workshop .
partrcrpants developed the typolo y shown schematrcally m Froure ES 1 The landscape/ R
seascape level is deﬁned as the ent1re Watersheds of the Sacramento and San J oaqum .

R1vers the1r delta San Francrsco Bay, and the near shore ocean off the Golden Gate

Bndge The ﬁve major ecologrcal zones are deﬁned as

o ,.‘, - ';"-—Upland T rrbutarles and Watersheds (from the headwaters to the Juncture w1th ,
’ .?‘-'-.-.':"mamstemnvers) : S R TR Y

o --Mamstem R1vers (the Sacramento and San J oaqum above trdal mﬂuence)

g v

sty r e B b1 54 P o X

e e ihind o W Suph s s Al e s g

-—The Delta (1nclud1n0 the t1dally 1nfluenced portron of the two mainstert rivers,
and extendmg west.to Chrpps Island north to the conﬂuence of the Sacramento
-and Amencan RJvers and south to Vernalls) Lo et

RN ,-—Greater San Franc;tsco Bay (from Chrpps Island to the Golden Gate Bndge
e ;_and 1nclud1ng Sursun Bay, San Pablo Bay, Central Bay, and: South Bay)

R " 4e-Near shore Ocean (a corndor extendmg 25 rrules north aud South of the ', ‘:-
g ",*-’ Golden Gate Bndge and west to the conunental shelf break) "

The typology also mcludes a hst of hab1tat types W1thm each zone Habrtat—types deﬁnedh .
at the workshop have been consolidated 1nto a common format by the EDF/TBI staff SR
(TableES 1) R B R T

For each component of thrs typology, workshop partrcrpants developed a

._.prehmmary set of ecologrca] 1ndrcators that represent both structural and functronal

'attrlbutes of the system An ecologrcal mdtcator 1s a measurable quantlty that prov1des
1nformat10n about a property of the. system that relates drrectly to overall health (and

therefore to the obJectlves) The workshop s ground rules spe01ﬁed that the mdlcators

should be ecologlcally relevant and sc1ent1ﬁcally defensrble and preferably ﬁt an L

characterrsncs g ;,
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i Table ES-l Expanded Habltat Typology for the Bay-Delta-aner system Water column, benthlc, _'-_ S

H edge, and other habitats:. are iven for each ecological zome. '

 UPLAND ° MAINSTEM , DELTA GREATER BAY NEARSHORE
. TRIBUTARIES . RIVERS" - | ... . - OCEAN
[ 'Water' | -Pools/nfﬂes ' | -pools/nfﬂes e Riverine c e -Shallow (<‘> m) -Manne ,
~| Column ™ g Runs/whdes . .| ®Runs/glidés.. " | o Flooded islands | « Deep (>2m). | e Freshwater.

'| Habitats - : el | ® Mixing zone - oMxxan zone - | plume -

Ny ..s't ..‘: " e | I e_‘ '_'“ . ° SloUohs } . .. . '. ..‘ - "‘ . : - O
Benthic ‘| e Unconsohdated 03 Unconsohdated ‘o Unconsohdated |-o Unconsohdated | ® Unconsolidated | - .
Habitats | "_Gravel - 'Gravel. -Mud ol o- unvecetated” .|'¢ Rocky reef L

cote o | -Sand v " :Sand -Sand . |..-vegetated.. . | o Kélp beds
e "eBoxilc_‘lers'l' .-Mud ", : o -Consohdated e
| Edge. - | e Riparian . . .. |« R1panan e Tldal ‘marsh § || ¢ Marine marsh | o Rocky intertidal |- .
" Habitats e Floodplain *~ - -Floodplam . |.* Non:tidai marsh | -» Brackish’ marsh  [eBeach . L
S IR AR |- . [-® Riparian. . i QFreshwater - e Wetlands -
' O'Floodplain‘ S marsh - N
B c ® Other veéetated N
. “Unveoetated”
A - intertidal: : T,
: Related " | Te Small_streams e Offshore 1slands '
| Habitats. -| - oManaged - ;- ODunes l
| R . marshes .. * :

:.'_‘- ‘. "

A sample hst of mdxcators for the landscape level 1is shown m Table ES 2 the

" ,f'complete hst of mdlcators 1s presented in the. full report Some of the md1cators that were

. suggested at the WOrkshop are readﬂy measurable wh1le others are propemes that ‘cannot :

'be measured dtrectly, but are valuable for assessmg the health of the system In order to v _' N

: 'dlstmgmsh the: two and to mtegrate all of: the results 1nto a common format the table

3 presents property assessed” and “1nd1cator” exphmtly Itahmzed entnes were added after

. _:. the workshops by the EDF/TBI staff for clanty, based on notes from the workshop

S Relevant Ob]eCtIVCS (by letter des1gnat10n) are also noted

The 1nd1cators denved at the J anuary Workshop prov1de a sohd startmg pomt for

L _,".full development of a su1te of 1nd1cators for the Bay-DeIta—Rlver system The next stage

' of the process wﬂl mvolve reﬁmng tlus surte of mdlcators and estabhshmg target values ‘

' : :for each. Usmg the framework typology, and prehrmnary su1te of mdlcators developed O

e Mamstem rrvers can be further separated mto three oeomo
by pools and riffies, a mlddle reach consxstmo of an active’
i oradlent ﬂoodplam For conslstency amono

.....
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I. INTRODUCTION AND BACKGROUND

A. Policy Context

Provisions of the Bay-Delta “Accord” and Central Valley Project Improvement
Act (CVPIA), combined with requirements of the Endangered Species Act and the Clean
Water Act, provide an unprecedented opportunity to design and carry out pfotection and
restoration measures for the San Francisco Bay-Delta-River ecosystem. This complex
ecosystem is defined here as the watersheds of the Sacramento and San Joaquin Rivers,
their delta, and the San Fra"ncisco Bay (see Figure 1). Within the context of each of these
separate initiatives, new emphasis has been placed on the development of a
comprehensive, whole-ecosystem plan for Bay-Delta-River restoration and management.
This ecosystem-based approach is supported by a broad range of constituencies as the
best.means of not only protecting the environment, but also providing some predictability

regarding future environmental responsibilities for water users.

In addition to the goal of effective whole-ecosystem management, each of these

state and federal initiatives contains specific requirements for protecﬁng or enhancing

populations of particular speciés and the habitats and processes-- such as water flow
regimes-- that support them. Significantly, both the Accord and the CVPIA provide new
tools for implementing these restoration measures, in the form of both river flow

requirements and mechanisms to fund additional flows and habitat improvements.

A fundamental prerequisite for the success of these efforts is to develop the
scientific foundation needed to define and assess the “health” of the ecosystem, determine
which types of restoration or management projects are most likely to produce the desired

results, and provide the tools for evaluating the success of these projects.

! “Principles for Agreement on Bay-Delta Standards Between the State of California and the Federal

Government,” signed on December 15, 1994 by representatives of various stakeholder interest groups as
well as California and federal government officials.
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Figure 1

The Bay—Delta—River System
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In addrtron as part of thrs foundanon an ecologzcally sound conceptual

S framework’ would be useﬁd for translatmg z‘he “whole-system approach mto practzce

L , The purpose of an expllcrt screnuﬁcally defensrble framework is to assure that the

o ecologlcal 1ntegr1ty of the ent1re system (Bay-Delta-R1ver)~- as well as the mtecnty of

o each of the component parts (such as Delta wetlands or parucular anadromous ﬁsh L
e . specres)-- 1s consrdered The Natronal Research Councrl (1992) has recommended thrs .— T

; approach stressmg comprehenswe ec0system manavement

The development of a locucaI and eas1ly understandable conceptual framework has ‘_: -

B several addrtronal beneﬁts 1t helps ensure that the restoratlon plan is comprehensrve

i reducmc the lrkehhood of farhng to consrder srgmﬁcant system attrrbutes functrons or

servrces 1t helps to efﬁc1ently 1ntegrate all of the components of the restoratron plan 1nto o

Y ".;"a coherent whole 1t facrhtates the deterrmnatron of pnontres among restoratron actrons ) [

st LA <o e

e and ﬁ helps to explam the 1mportance and purpose of each actron to pol1cymakers and the Y

_:..’_-:"-_.;v"_publlc '

g,

The Role of Ecological Indlcators R

Althouch whole—system planmng and ecologrcal health are 1ntu1t1Vely _
' understandable concepts (see Box 1) capturmg them w1th an operatzonal defrmtron 1s o
: challengmg, parttcularly in’ large drverse and mghly modrﬁed ecosystems such as the “ SO

. San Franc1sco Bay-Delta—Rwer One approach 1s to use ecologzcal mdzcafors to measure L

o ,ecosystem health m the same way that a doctor takes the temperature of a pat1ent to A E
; C ',l""'ﬁl:;provrde dragnoshc 1nformat10n about hts/her overall health An ecolog1cal mdrcator 1s a -_: C

- ;' 'measurable quantrty that provrdes mformauon about a prOperty of the system that relates“ ey

E : 'drrectly to overall health For example the areal extent of Vanous classes of nparran' L

";:'j.[ , .'1..1vegetatron (mdrcator) assesses hab1tat heterogenerty (property) along nver banks whlch e

SRR real world” scrence and 1ntu1t1vely des1rable but less eas1ly deﬁned ecosystem propertles

o .such as “health” “1ntegr1ty” “resrhence and elf sustamabrlrty”

C—049362
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How does one go about choosmg the most useful mdmators” Althoucrh many

L ..'factors (screntrﬁc economrc and socropohtrcal) enter mto play, the fundamental

: . requrrement 1s that the most 1mportant attrlbutes of the ecosystem be represented Thls is- f. o :

s ) _the role of the conceptual fra ework alluded to above Two essentlal characterrsncs of

thls framework are that both structural and functzonal attrzbutes of ecosystems need for be : A
assessed and that thls should be done at a varzety of scales (see e,g N atlonal Research

‘ _:Councrl 1992 Noss 1990)

Structural attrrbutes refer to the physrcal components of the systern and thelr

o ‘spatral relatronshrps to one another For exarnple spawmng areas corxtammcy sultable

~f‘l'; - gravels must be avarlable for anadromous ﬁsh and these areas rnust be connected to T. G

33 rmoratron corrrdors F unctzonal attnbutes are the processes at work m the system To s "

“

A :_"contmue our example, hydrologlcal processes must keep the spanng gravels from

g . '-'.'-:becormng srlt—laden G

Deterrmnlnc ecologrcal mdrcators at many scales helps to ensure consrderatron of R

o ’i;:-"the whole as well as the parts and ensures that large scale processes Work m harmony _:' sfin

- w1th processes and structures at smaller scales Relevant scales may mclude the entrre o

B '.landscape weIl—defmed reglons or ecolog1cal zones, habrtats and cornmunltles ‘or

L populatlons Formulated n thlS way, a comprehensrve surte of ecologrcal mdrcators for o

= he Bay-Delta—Rrver system wrll provrde managers w1th a useful tool to defme assess

' 'and momtor the health of the system The evaluatton of success or farlure of management_' B
= actrons 1s essent1al for adaptlve management (defmed as the trmely modlﬁcatron of

management rneasures m response to results of actlons taken and conscrously des1gned =

-management expenments Lee 1993)

R

C A Process for Developlng Ecologlcal Indlcators

The Center for Sustamable Resource Development at the Umversrty of Cal1forma .

R N Berkeley (CSRD) the Envrronmental Defense Fund (EDF) and The Bay Instltute of San )

; _ Franc1sco (TBI) convened two workshops of local natronal and 1nternat1onal experts m '

B . October 1995 and ] anuary 1996 to mrtrate the process of developmg ecolovrcal

A
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‘.'--:‘:; ‘The results of these efforts are presented 1n the body of the report

= for break'mg down the process of developmg 1nd1cators 1nto smaller more manageable

v umts so that thrs next step can be accomphshed by focused groups of experts The

e ‘-' ) 1nd1C3.tOI‘S for the Bay—Delta—Rlver system Fundmo for the Workshops Was provrded by i : Af-.":.'- :
- ""the U S Envnonmental Protecnon Aoency and by CalFed the federal state mteracrency -

e oroup responsrble for developmcr a lono-term plan for managm0 the Bay-Delta estuary ] ' ".‘:

S pursuant to the Bay-Delta Accord The workshop agendas rmnutes backoround matenals

A s 'and hstS of part1c1pants are attached as Appendrces A and B

The purpose of these workshops was twofold to agree on a conceptual

U framework for mdlcator development and to develop a prov1s10nal hst of mdlcators

The authors antlc1pate that the next step m thls process wrll be to use both the

L :'--framework and the prov1sronal 1nd1cator l1st as a foundatron for a more rrgorous and

- -d detaﬂed evaluatlon of ecolog1cal md1cators The framework prov1des a logrcal method k S

o ,reﬁnement of the 1nd1cator llst w1ll prov1de an: opportumty to whenever appropnate S

Ll gRs mcorporate mdlcators that are already bemg momtored or assessed in onoomg programs.t- D

C—049364
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4, s

L .'practlce and estabhshmg ecolog1cal 1nd1cators R '. R i

II DEFINING ECOSYSTEM HEALT H USING A
SUITE OF ECOL.GICAL INDICATORS

1 process su cested by Keddy et al (1993) for translatmg the 1deas of ecosystem health mto

S ' :,-(1) deﬁne ecologlcal 1nte<rr1ty or health in an operatronal way, j" S

L _ (2) select appropmate 1nd1cators of health or 1ntegr1ty_‘ ; 2

B ":'F" i _.---;(4) develop a momtonng system to provrde feedback

N --Because our efforts were d1rected at developmo 1nd1cators we attempted to take the

3 ?.A Step 1 Define Ecosystem Integrrty/Health m an Operatmnal Way

. vanous kmds of ecosystems For the purposes of our w0rkshops we foIlowed the logrcal

","'f(3) 1dent1fy target levels of selected 1nd1cators and - : : '. L "_.;: St

' J process through Step 2 and to do thls in such a way as to lay the groundwork for Steps 3 % : ;"i
: ""I'-:',"f:'::and4 SRR T e e e fy (T

Step one constrtutes the development of general goals of ecosystem management o

e or restorauon program Dunng the two workshops, some confusron-* in: part semantrc

'and mdzcator We deﬁne these terms as follows (1) goals descnbe the ‘brg prcture

i overv;ew of What the restoratlon pro gram 1s trymg to achreve (2) ob]ectzves are more
e ’;._;ecosysz‘em servzces are beneﬁts that a healthy ecosystem provrdes to 1ts resrdents

-quantrtres that allow us to assess or evaluate the state of the system

C—049367

'_"and in part substanttVe-~ Was expressed over the terms goai objectzve ecosystem servzee - ‘"'-'\'

Precrse descnpuons of the Partrcular steps necessary to achlevmcr the program goal (3) o

S nmcludma humans and are’ a subset of the ob_]ectlves and (4) zndzcators are measurable R
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I* : In Keddy et al’s (1993) formulatlon the goal should be estabhshed ﬁrst The '

- " .more spec1ﬁc obJectzves and servzces should also be deﬁned as part of Step 1 but can be

o _reﬁned as necessary durmg the development of the 1nd1cator framework (Step 2) Ranoes e

“for: mdzcators are developed dunng Step 3 and prov1de spec1ﬁc quantltanve targets for

L 'restoratlon and management programs The order of the steps is. somewhat 1terat1ve,

o '1nd1cators can be developed for each part1cular ob]ectzve or servzce but ob]ectzves and

. ,;servzces may also anse from consrderatlons of ecologlcal structure functmn and serv1ces

e -ltaken mto account whlle developmo 1nd1cators For a further dlscussmn of thls 1ssue see

- : Keddy s paper (p 59)

. Go'als

. dtscussmn focused on the definmon of the goal that should gulde the future management ) ',"' ,

of the Bay«Delta—Rrver system Pam<:1pants generally supported the goal statement

- : offered by CalFed for ecosystem quahty “Improve and mcrease aquauc and terrestnal

| v:’hab1tats -and i 1mprove ecologlcal funcnons in, the Bay~Delta to support susta:lnable

S .':populatlons of d1verse and. valuable plant and ammal spec1es il In add1t10n partlc1pants .

S ;‘“of both workshops also seemed to share a common goal of enhanclng the self-sustaxmng

. qualmes of the system as opposed to movmg m the d1rect10n of an mcreasmgly lughly

‘ -managed one Th1s Was referred to. as the physzs approach (r estormg phys1ca1 processes

| ks :that promote selfahealmg and mamtenance) as opposed to rehance on contmual
L ) mterventton Thls approach has proved successful in. other large nver ecosystems such L

...as the Rhme and Ktssunmee (see p 61 and Box 2)

We combmed these concepts to synthes1ze the goal of Bay-Delta-Rwer restoratlon B

’ 4. : _‘ and management as the (re-)estabhshment of a healthy system that supports a '.‘ - | S
R fdxversnty of habltat types along Wlth thelr resident commumtles of plants and

o :.' ‘a ammals, supports essentlal ecologlcal functions, and 1s self-sustalmng (requlrmg

i mlmmal mterventxon) and 